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Abstract: This paper suggests a modification of Gunther's lot-sizing
heuristic for capacitated single stage production that may yield better
results in terms of overall cost performance. The computational efficiency
of the heuristic allows both versions to be incorporated in the decision
making process, which is hereby improved. The performance of both versions
of Gunther's heuristic is compared in a number of test problems reflecting
relatively stable and lumpy demand conditions, respectively.1
.~ modified priority index for Giinther's lot-sizing heuristic under capaci-
tated single stage production.
1. Introduction
Giinther [2] recently developed a heuristic for capacíty constrained lot-
sizing for multiple products to be produced on a single production facili-
ty. Demand was assumed deterministic and time-varying without backorder-
ing, where setup times did not consume limited production capacity. The
objective then is to determine lot-sizes which minimize the sum of inven-
tory holding and setup costs, based on Groff's [1] lot-sizing criterion.
Feasibility of the schedule is gvaranteed by means of a capacity balancing
rule, where portions of current slack capacity are reserved in order to
balance future capacity overloads. As such it is possible that a particu-
lar requirement may be split into several lots when capacity constraints
are binding. Giinther uses a priority index for this capacity balancing by
computing the incremental cost per unit of additional capacity absorbed,
where cost is defined as the sum of additional holding and setup costs.
In computing this priority index, Gunther states that "increasing the lot
size of a particular product does not affect setup costs if the product is
already scheduled in the current period". It is argued that this may not
be the case when an entire future period requirement is added to the
existing lot-size. The modified priority index that would result is dis-
cussed next.
2. Modified priority index
Rele~.ant notation is briefly outlined below:
k : current period of production
p(i) : supply period for product i, defined as the next period with a
qip
positive requirement of product i
: maximum quantity of product i which can be shifted from period
p(i) to period k for pre-production




: setup cost for product i
: lot-size of product i in period k
d(xik): binary decisicn variable indicating whether product i is setup in
period k or not, with d(xik) - 1 if xik ~ 0, zero otherwise
a. : production time per unit for product i.
i
Gunther computes the priority index for capacity balancing ( denoted by vi)
as:
~i - C(P(i) - k) qiphi ~ Si(1 - d(xik))~~(9ipai) (1)
The first part of this index indícates the additional holding cost of
shifting qip requirements of product i from future period p(i) to the
current period of production k. The second part stands for the additional
setup cost incurred when product i is not currently being produced. The
denominator normalizes this cost in terms of the incremental capacity
used.
We note that in formula (1), when qip equals xip or an entire period re-
quirement is shifted forward under the condition that product i is cur-
rently produced, the priority index yields:
~í - C(P(i) - k)9íphi)~(9ipai) (2)
However, for the above situation an additional setup is saved, in particu-
1ar the one for period p(i). As the entire period requirement is added to
a current lotsize, that period's setup is saved and is reflected in the
following modified priority index:
~i - C(P(i) - k)qiphi t Si(1 - d(xik)) - Si(1 -
d(xip.9ip))~~(qipai) (3)
where d(xip,qip) is a binary decision variable indicating whether or not
an entire period requirement of product i is shifted forward, with3
d(xi ,9i )- 1 if xiP
~ qiP P P
Equation (j) is rewritten as:
~i - LÍP(i) - k)qiphi f Si(dÍxiP.9iP) - dÍxik))~I(9ipai) (4)
Using this priority index, the possible contingency situations in terms of
potential savings in setup costs, are summarized in Figure 1.
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A turbo-PASCAL computer program of Gunther's heuristic was developed,
yielding two versions depending on which rule was used. These versions are
der.oted by "Gunther" and "modified Giinther", respectively.4
A set of 10 randomly selected example problems were generated to illu-
strate the performance of both versions, based upon the following produc-
tion setting as is illustrated in Table 1.
Table 1. Production Setting
Product Production time Holding cost~unit~period Setup cost
(hours) (g) (~)
1 0.12 5.z 268
2 0.15 4.5 321
3 0.20 5.4 380
A planning horizon of seven peciods was chosen, with respective production
capacities as are shown in Table 2.
Table 2. Production Capacities (hours)
Period 1 2 3 4 5 6 7
Capacity 25 25 10 10 10 10 10
The sample set of 10 problems consisted of 5 randomly chosen problems with
relative stable demand, and five examples in which demand was lumpy, whe-
reby total demand over the seven period planning horizon was held constant
for all cases. The demand patterns for all cases are shown in Table 3, in
which cases 6 through 10 reflect the lumpy demand pattern.
The resulting production schedules and relevant costs for both approaches
are depicted in Tables 4 and 5 according to the demand structure.7
Table 3. Deoand - Example cases.
Period
Case ProdUCt 1 2 3 4 5 6 7 E
i 1 46 40 55 48 46 40 60 335
2 28 20 25 35 37 30 24 199
3 io 8 12 7 9 7 8 61
2 1 42 44 50 53 42 48 56 335
2 25 30 22 25 30 35 32 199
3 10 9 ii 8 7 8 8 61
3 1 40 44 50 55 47 49 50 335
2 29 32 27 38 25 27 20 199
3 l0 10 9 7 l0 8 7 61
4 1 60 55 48 40 46 46 40 335
2 37 3o z8 20 30 25 29 199
3 7 7 12 l0 8 9 8 61
5 1 47 50 52 54 48 46 38 335
2 z4 20 25 35 32 30 33 199
3 iz io 7 10 8 9 5 61
6 1 80 70 80 zo 30 20 35 335
z 80 loo l0 0 0 7 2 199
3 9 0 0 5 0 27 20 61
7 1 30 20 29 31 ilo 80 35 335
2 8 12 1o ii 18 85 55 199
3 1 8 5 4 4 23 16 61
8 1 90 l0 83 20 30 32 70 335
2 50 12 10 9 80 15 23 199
3 6 ib 5 20 4 5 5 61
9 1 60 60 60 28 35 30 62 335
2 12 80 18 10 60 l0 9 199
3 20 8 10 5 4 0 14 61
l0 1 5 100 0 130 80 20 0 335
2 80 0 0 90 20 5 4 199
3 2 0 7 2 0 30 20 6~Tnble 4, producLfon results - Giinlher (G) end Modificd Giinther (MG)
Stuble Demand
F'rodu~[ion per perfod
Case Product MM.hod 1 2 3 4 5 fi 7
ictup
Cost
c 86 to3 0 0 46 40 60 3764
Mc 86 0 83.33 G5.b7 t7 40 60 4085
1 2 G 4A 0 60 f,6.G7 0 24.3; 0
Mc 48 60 0 0 37 34.67 t9.33
3 c 37 0 0 0 16 0 8
MG 37 0 0 9 I S 0 0
--------------------------------------------------------------------------------- -------
l G 42 94 83.33 0 45 14.67 56 3652
Mc 4z 94 0 53 83.33 b.b7 5b 4o3z
2 2 c 77 0 0 55 0 54.93 12.07
MG 77 0 55 0 0 50.fi7 16.33
3 c 38 0 0 o z3 0 0
------------------MC----------jn--- -~-----~------!5-------F)-------~-------O----
1 G 40 94 0 83.33 18.67 49 50 ~ 4353
Mc 40 94 o bb.b7 35.33 49 So 4733
3 2 G 61 0 65 0 z7.73 z7.47 16.8
MG 6l 0 65 f) z7-73 27.47 16.8
3 c 3f, o 0 0 18 0 7
MG 36 0 0 IO 8 0 7
c 60 ]03 o 83.33 z.b7 46 40 3973
MG 60 103 0 40 46 4f~, 40 4353
4 2 G 67 0 48 0 30 25 29
MG 67 0 48 0 30 2').87 24.1;
3 G 36 0 0 o z5 u o
Mc 36 0 o t7 o u 8
- ------------------------------------------------------------------------------- -------
t G 47 tOZ o 83.33 18.fi7 1{F 38 ))353
MG 47 IOZ 0 54 48 46 38 4 3`,3
5 z c
MG
44 0 66.67 0 29.07 2'{.87 29.4
4h o 66.67 n 28.z7 z~).87 3~).-'
3 G 39 0 q l) 17 0
























~, stin.7irTablo 5- Production results - Giint!,r,r (G) nnd Mudirivd GitnUirr (MG~.
L.umpy Ikrmand
Casc 1'rudurt McU,~7 1 ~
1'roduction per ~~riod
3 p 5 G 7
l G 80 70 80 50 0 20 35
MG SAME
z c 8o ttn o 0 0
MG SAMI:
u
3 G t4 0 0 0 U z7 z0
MG SAMI:
------------------------------------------------------------------------
t c 5o t7o 80 0 0 0 35
Mc 5o Go 0 83.33 83.33 58.33 0
7 z G 4t o 0 0 66.G7 66.67 z4.G7
MG 41 I0; 0 0 0 20 35
3 c zz o 0 39 0 0 0
Mc zz o z3 0 o u 16
c
MG
Loo 0 83 50 0 3z 70
SAME










3 c G 50 0 0 0 0 5
Mr~ SAMF:
----------------------------------..--------.---.-------------------------------- -------
L G r,o 6o bo E,3 0 59.5A 3z.4z 3f~`.~'
Mc Go Go Go (~3 0 3o Gz 3G`,z
9 z G rz t o8 o u f,o I`3 0
MG snMr;
3 G 47 0 0 0 0 o th
MC 47 0 0 0 O l4 0
------------------------------------------------------- - ------------------------
t c t o0 8 i. 33 46 . F,7 Bo .ro u
MG 5 100 47.7z ii1.08 8f) 10 0
Lo z c Bo Bf~.G7 u z8.33 0 0 4

























3 G Lt o 0 0 0 3o zo h9R-33
Mf ~ SAMF. 54 i I. 67Interestingly, the better performance of the amended heuristic lies in the
improvemer,t in inventory holding costs over the potential worsening of
setup costs. Thís is easily explained by the fact that the amended version
employs a different decision rule (priority index) for shifting future
requirements forward in time, yielding different production schedules as
is shown in Tables 4 and 5. For the examples generated, in 7 out of 10
cases, the modified version outperformed or performed equally well as
Gunther's approach. However, it is important to note that, due to the
different priority indices of either approach, the modified version is not
always guaranteed to produce better results as compared to Giinther's solu-
tions. There exists an indication the amended version may perform better
for lumpy demand conditions, allowing the decision maker to run both ver-
sions and select the better solution, moreover as Giinther's heuristic
proved to be computationally very efficient.
4. Conclusions
The priority rule for pre-production in Gunther's lot-sizing heuristic was
modified to correctly reflect the situation where an entire future period
requirement is shifted to the current period of production. This modifica-
tion subsequently yields a different production plan that may outperform
Gunther's heuristic solution, as was illustrated. The computational effi-
ciency of the heuristic allows both versions to be incorporated in the
decision maklr.P process, which is hereby improved.
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